Introduction {#sec1}
============

Nonvariceal upper gastrointestinal bleeding is a hemorrhage from the distal esophagus, stomach and duodenum and it still is a major medical emergency problem \[[@cit0001], [@cit0002]\]. The most common cause of such bleeding is a complication of peptic ulcer disease; however, gastroduodenal erosions, Mallory-Weiss tears, vascular malformations and tumors are also frequent causes. Although the incidence of peptic ulcer disease is decreasing, the hospitalization and mortality rates of upper gastrointestinal bleeding remain high, especially among the elderly -- 20--30 deaths per 100 000 patients over the age of 65 years \[[@cit0003], [@cit0004]\]. The main factors that have been identified as having a negative effect on mortality in cases of upper gastrointestinal bleeding are concomitant illness, elderly age and the use of non-steroidal, anti-inflammatory drugs \[[@cit0005]\]. Early endoscopy is the recommended method of choice for confirming the diagnosis and treatment of upper gastrointestinal bleeding and is effective at achieving hemostasis in the majority of patients using thermocoagulation, clips, a sclerotherapy agent and injections with epinephrine \[[@cit0006]--[@cit0009]\]. However, bleeding persists even after successful endoscopic treatment in 10--15% of cases, and those patients are usually treated surgically, though, according to NICE guidelines, percutaneous embolization as salvage therapy can be recommended \[[@cit0006], [@cit0010]--[@cit0014]\]. Transcatheter arterial embolization (TAE), introduced by Rosch *et al.* in 1972 as an alternative to surgery for upper gastrointestinal bleeding, has been used as a diagnostic and therapeutic tool, usually reserved for patients who are at high risk for surgery \[[@cit0015]--[@cit0019]\]. Currently, there is limited research on the outcomes following TAE for upper gastrointestinal bleeding \[[@cit0020], [@cit0021]\].

Aim {#sec2}
===

We performed a retrospective analysis of the patients who underwent TAE for nonvariceal upper gastrointestinal bleeding at our hospital. Our purpose was to identify the clinical and technical factors that influenced the outcome of transcatheter embolotherapy and quantify the impact of those variables on morbidity and mortality rates.

Material and methods {#sec3}
====================

The study was approved by the institutional review board of our hospital. Thirty-six patients with acute nonvariceal upper gastrointestinal bleeding, who were treated with TAE between November 2013 and November 2015, were retrospectively evaluated in the study. The diagnosis was confirmed by endoscopy for all the patients. Cases of gastroduodenal ulcer bleeding were classified according to the Forrest classification. Patients with coagulation disorders had their coagulopathy corrected. Patients with variceal, posttraumatic, or iatrogenic causes of upper gastrointestinal bleeding were excluded.

All of the 36 patients had clinical signs of rebleeding after initial conservative medical therapy and endoscopic treatment with adrenaline (1 : 10 000) injections: blood from the nasogastric tube, low blood pressure, an increase in pulse and a low hemoglobin count. A transfemoral approach was used in a standard manner in all cases of an angiographic procedure. A 5-Fr 11 cm sheath introducer (CORDIS or TERUMO) was placed in the right or left common femoral artery with the Seldinger technique. Selective angiography of the celiac trunk and superior mesenteric artery was obtained using a 5-Fr catheter (TERUMO Cobra/Simmons-sidewinder or COOK MEDICAL Slip-Cath C1/VS2) in all of the patients. Superselective angiography of the branches of the celiac trunk and superior mesenteric artery was performed using a microcatheter (TERUMO Progreat 2.7 Fr or COOK MEDICAL Cantata 2.7 Fr). Ultravist 240 mg/ml was used as the contrast medium. Embolization, which was performed after the visualization of contrast extravasation at angiography, was referred to as "therapeutic embolization". In cases where endoscopy visualized a potential site of bleeding, but there was no contrast extravasation during angiography, "prophylactic embolization" was performed. Embolization was carried out with placement of vascular 0.018" TERUMO Azurl; 0.018" COOK MEDICAL Nester or 0.015" BALT Cirrus pushable coils. No embolic agents, other than coils, were used.

In cases of gastroduodenal bleeding from the stomach fundus or corpus, the left gastric artery (LGA) was selectively embolized. If the bleeding site was in the antrum of the stomach, duodenum or of pancreatic origin, the gastroduodenal artery (GDA) was selectively embolized on both sides of the bleeding site to prevent a "back-door" effect -- repeated bleeding related to retrograde perfusion. In several cases with bleeding from the liver, a pseudoaneurysm or pancreatic pseudocysts, the hepatic artery or splenic artery was embolized. Postembolization angiography was performed to confirm the effect of embolization in all of the patients.

A retrospective analysis with a review of medical records was performed. Demographic data, clinical findings, endoscopic treatment protocols, the amount of blood transfusion before and after TAE, the length of hospital stay, complications, including recurrent bleeding, the need for surgery after TAE and in-hospital deaths were also analyzed.

Statistical analysis {#sec3.1}
--------------------

We searched for an association of early rebleeding and mortality following embolization with sex, age, time of bleeding, clinical symptoms before embolization, the number of units of blood components transfused and whether the embolization performed was therapeutic or prophylactic. Pearson's χ^2^ test was used to test for an association between categorical data and an independent-samples *t*-test for continuous variables. These variables were then included in a binary logistic regression model. The significance level was set at 0.05. Data processing was done using SPSS 20.0 software.

Results {#sec4}
=======

Of the 36 patients who underwent TAE, 27 (75%) were men and 9 (25%) women. The mean age of the patients was 66 years, ranging from 30 to 100 years. The mean time that passed from the clinical symptoms of bleeding to embolization was 4.5 days, ranging from 0.3 to 49 days. Prior to embolization, 7 patients underwent computed tomography angiography (CTA). For 1 patient, TAE was performed after failed endoscopic and surgical treatment for bleeding from a pseudocyst, caused by acute necrotic pancreatitis. Patient characteristics and the amount of packed red blood cells and freshly frozen plasma administered to the patients are presented in [Table I](#t0001){ref-type="table"}.

###### 

Patients characteristics

  Parameter                                  Value
  ------------------------------------------ -------------
  Male, n (%)                                27 (75.0)
  Female, n (%)                              9 (25.0)
  Age \[years\]                              66 ±17.13
  Time from bleeding start to TAE \[days\]   4.5 ±8.2
  Total units of packed red cells            11.75 ±7.30
  Units of packed red cells before TAE       7.7 ±4.67
  Total units of packed plasma               5.97 ±6.18
  Units of packed plasma before TAE          3.9 ±4.14

TAE -- transcatheter arterial embolization.

The causes of bleeding are presented in [Table II](#t0002){ref-type="table"}. The most common causes of bleeding were bleeding from gastroduodenal ulcers (20 cases, 55.6%), followed by bleeding from pancreatic pseudocysts (4 cases, 11.1%), bleeding from pancreatic cancers (3 cases, 8.3%), Dieulafoy's lesions (3 cases, 8.3%) and gastric cancers (2 cases, 5.6%).

###### 

Causes of nonvariceal upper gastrointestinal bleeding

  Cause                        *N*   Percentage
  ---------------------------- ----- ------------
  Gastroduodenal ulcers        20    55.6
  Pancreatic pseudocysts       4     11.1
  Pancreatic cancer            3     8.3
  Dieulafoy's lesions          3     8.3
  Gastric cancer               2     5.6
  Liver tumor (hemangioma)     1     2.8
  Pseudoaneurysm               1     2.8
  Osler-Weber-Rendu syndrome   1     2.8
  Gastroduodenal erosions      1     2.8
  Total                        36    100.0

The technical success rate of the embolization procedure, which was defined as complete angiographic occlusion of the targeted vessels, was 100%. Out of the 36 cases, 15 (41.7%) were therapeutic embolizations, when the source of the bleeding was visualized during angiography, and 21 (58.3%) were prophylactic embolizations of the anatomical site. Two examples of the procedure are shown in [Photos 1](#f0001){ref-type="fig"} and [2](#f0002){ref-type="fig"}. The clinical success rate, which was defined as the absence of complications relating to the embolization procedure or rebleeding within 30 days after TAE, was 77.8%. The summarized TAE procedure outcomes are shown in [Table III](#t0003){ref-type="table"}.

###### 

Procedural outcomes

  Outcome                     *N*   Percentage
  --------------------------- ----- ------------
  Prophylactic embolization   21    58.3
  Therapeutic embolization    15    41.7
  Technical success           36    100
  Clinical success            28    77.8

![Example of gastroduodenal artery embolization on both sides of the bleeding. A 67-year-old woman with bleeding from a duodenal ulcer. A gastroduodenal artery pseudoaneurysm is visible during the angiography which is a certain source of bleeding. The embolization was performed from two sides -- the source was approached via the common hepatic artery and via a branch of the superior mesenteric artery to prevent retrograde bleeding. No ischemic complications were reported](WIITM-12-31327-g001){#f0001}

![Gastric bleeding originating from a lienal artery branch, supplies blood to the upper third of the stomach. After selective embolization of the branch, bleeding persisted and it was decided to perform embolization of the lienal artery. Bleeding was controlled, no ischemic complications reported](WIITM-12-31327-g002){#f0002}

The sites of embolization are presented in [Table IV](#t0004){ref-type="table"}. The gastroduodenal artery was targeted most often -- in 27 (75%) cases. Other common sources of bleeding were the splenic artery (3 cases, 8.3%), hepatic artery (2 cases, 5.6%) and left gastric artery (2 cases, 5.6%).

###### 

Sites of TAE

  ---------------------------------------------------
  Arteries embolized                N    Percentage
  --------------------------------- ---- ------------
  Gastroduodenal artery             27   75.0

  Splenic artery                    3    8.3

  Hepatic artery                    2    5.6

  Left gastric artery               2    5.6

  Gastroduodenal artery\            1    2.8
  and left gastric artery                

  Gastroduodenal artery\            1    2.8
  and right gastroepiploic artery        

  Total                             36   100.0
  ---------------------------------------------------

No complications were reported after the procedure. Ten (27.8%) patients had an episode of rebleeding within 30 days after the embolization procedure, 5 (13.9%) patients after TAE were treated surgically, and the rest received endoscopic treatment.

Nine (25.0%) of the patients died ([Table V](#t0005){ref-type="table"}). Out of 9 deaths, 5 patients died without signs of rebleeding after embolization due to comorbidities (pulmonary diseases, ischemic heart disease, cancer intoxication). Four patients died after the surgical procedure because of rebleeding after TAE (2 patients with pancreatic cancer, 1 with acute pancreatitis and 1 with a bleeding duodenal ulcer).

###### 

Posttreatment outcomes

  Outcome                               
  ------------------------------------- -------------
  Mean hospital stay \[days\]           14.44 ±8.94
  30-day rebleeding, n (%)              10 (27.80)
  Surgical treatment after TAE, n (%)   5 (13.89)
  Mortality, n (%)                      9 (25.0)

There was no statistically significant association of rebleeding and patient age, sex, cause and site of bleeding or time until hospitalization. After performing a binary logistic regression analysis of our data, a significantly increased risk of rebleeding after TAE was found in the prophylactic TAE group as compared with therapeutic TAE ([Table VI](#t0006){ref-type="table"}). Five cases of rebleeding after TAE were managed endoscopically and 5 patients had operations. A logistic regression analysis showed an increased risk of mortality that was significantly associated with prophylactic embolization and the total number of units of transfused red blood cells ([Table VII](#t0007){ref-type="table"}).

###### 

Factors associated with rebleeding within 30 days

  Variable                               OR      95% CI        *P*-value
  -------------------------------------- ------- ------------- -----------
  Prophylactic embolization              10.53   1.16--99.01   0.04
  Sex                                    1.47    0.25--8.69    0.67
  Bleeding time before hospitalization   0.94    0.76--1.15    0.57
  Age                                    0.99    0.95--1.03    0.66
  Units of packed red blood cells        1.1     0.98--1.22    0.08

###### 

Factors associated with mortality after embolization

  Variable                          OR      95% CI        *P*-value
  --------------------------------- ------- ------------- -----------
  Prophylactic embolization         10.53   1.15--99.01   0.04
  Time until hospitalization        1.18    0.91--1.53    0.21
  Age                               0.99    0.98--1.09    0.68
  Units of packed red blood cells   1.25    1.07--1.46    \< 0.01

Discussion {#sec5}
==========

Recent research supports the claim that TAE is a safe treatment method for gastrointestinal bleeding. Authors have reported satisfactory results of TAE compared to surgery for treatment of bleeding after gastric cancer resection, duodenal bleeding, severe bleeding of upper gastrointestinal tumors and bleeding gastroduodenal ulcers \[[@cit0022]--[@cit0026]\]. However, surgery was reported to be superior to TAE when treating gastrointestinal bleeding related to gastrointestinal lymphoma, as most of the cases of rebleeding occurred at new sites and ischemic bowel complications proved to be possible after repeated TAE treatment \[[@cit0027]\]. Research results on the technical aspects of TAE have recently been published -- Morishita *et al.* had success using the "balloon blocking" technique for superselective catheterization under balloon occlusion at the branching site of the target artery, and a systematic review and meta-analysis by Kim *et al.* found that embolization using N-butyl cyanoacrylate (NBCA) is effective for gastrointestinal bleeding \[[@cit0028], [@cit0029]\].

Endoscopic therapy is the recommended treatment of upper gastrointestinal bleeding \[[@cit0006], [@cit0030]\]. Uncontrolled bleeding is still frequent, even though early endoscopy reduced mortality rates and repeated bleeding episodes. In the case of rebleeding, emergency surgery was classically considered as the treatment of choice; however, nowadays it is recommended to perform a second therapeutic endoscopy \[[@cit0031], [@cit0032]\]. A randomized control trial published by Lau *et al.* showed no difference in outcomes between a second endoscopy and emergency surgery to control upper gastrointestinal bleeding \[[@cit0033]\]. The vast majority of patients afflicted with bleeding from the upper gastrointestinal tract respond well to conservative treatment or endoscopy \[[@cit0034]\]. However, when conservative measures fail, percutaneous TAE is accepted for the treatment of upper GI hemorrhage, which is resistant to endoscopic intervention \[[@cit0006], [@cit0010]--[@cit0014]\]. Transcatheter arterial embolization is preferred to surgery in elderly and other high-risk patients, because it is not as invasive as surgery and has few complications \[[@cit0018]\]. A systematic review conducted by Beggs *et al.* found no differences in mortality when comparing TAE and surgery, although surgery had lower rebleeding rates \[[@cit0020]\]. However, the study was subject to multiple sources of bias -- most of the studies were retrospective cohort analyses with a certain selection bias (patients with greater comorbidities were selected for TAE) and no randomized studies were found.

Elderly age, recurrent bleeding and concomitant illness are known negative prognostic factors in patients with upper gastrointestinal bleeding \[[@cit0031], [@cit0035]\]. In a literature review conducted by Loffroy *et al.*, which analyzed 15 retrospective studies of case series of TAE for acute nonvariceal gastrointestinal bleeding, the mean age of the patients presented was 65 years \[[@cit0021]\]. Most of the patients in our study were of advanced age; the mean age of our patients was 66 years, which is the same as the mean age presented in the review. In most cases, bleeding in our patients was caused by peptic ulcer disease (55.6%). Bleeding from a gastric or duodenal ulcer is reported to be the most common cause of upper gastrointestinal bleeding: 50% of all cases reported in the literature are attributed to peptic ulcer disease \[[@cit0036]\]. Another frequent origin of bleeding in our study was from pancreatic pseudocysts (11.1%) or a pancreatic tumor (8.3%). Pancreatic origin of acute gastrointestinal bleeding is generally rare and there are limited epidemiological data to date about its frequency. Pancreatic pseudocysts form in 10% of cases of acute pancreatitis and 25% in chronic pancreatitis, whereas bleeding in acute pancreatitis occurs in 1% of patients \[[@cit0037], [@cit0038]\]. Most commonly, pseudocysts have intracystic bleeding or bleed into the pancreatic duct; however, a pseudoaneurysm may form because of autodigestion of the arterial wall by pancreatic enzymes and rupture into the cyst or the surrounding hollow viscera \[[@cit0038]\]. Loffroy *et al.* reported successful management of bleeding of pancreatic origin using TAE in a small retrospective study and highlighted the advantages of the procedure -- more accurate localization, easier approach, assessment of collateral flow and lower risk compared with surgery \[[@cit0039]\]. Bleeding, as a symptom of pancreatic cancer, occurs in 2.6% of pancreatic cancer patients \[[@cit0040]\]. Although rare, once pancreatic tumor bleeding has occurred, it often repeats and causes major blood loss \[[@cit0041]\]. This is evident in our data, as two of the three patients with bleeding due to pancreatic cancer had repeated bleeding. It is important to note that the retrospective study design and small patient sample are possible biases of our study. Another study limitation related to the small group size was the inability to analyze several tracked variables, such as bleeding cause and source of bleeding. The retrospective study design limited the variables that may have been related to rebleeding and mortality rates, for example, concomitant illness or coagulation disorders.

An important technical factor in the embolization procedure is the choice of the embolic agent. Coils, a gelatin sponge, polyvinyl alcohol (PVA), N-butyl 2-cyanoacrylate glue (NBCA) and ethylene-vinyl alcohol copolymer are popular options. However, the question of which embolic material is best is still debatable \[[@cit0036]\]. Coils and microcoils of various size and length have the advantage of low risk of infarction, because they preserve the microvasculature and they may be detachable and retrievable. However, since coils are dependent upon vessel diameter and intrinsic clotting properties, some studies have shown better results and lower rebleeding rates when using coils in combination with a gelatin sponge or PVA in patients with coagulopathy \[[@cit0042], [@cit0043]\]. A gelatin sponge has the advantage of being cheap, being associated with a low risk of ischemic complications and being resorbable. However, the use of a gelatin sponge alone is associated with higher rebleeding rates in some studies \[[@cit0044], [@cit0045]\]. Recent studies have shown promising results when using NBCA for gastrointestinal bleeding \[[@cit0029]\]. Its advantages are shorter procedure times and low rebleeding rates. NBCA requires careful usage at it carries the risk of infarction and it may polymerize on the catheter tip, leading to embolization of a nontarget vessel \[[@cit0036]\]. One study also reported a potential risk of duodenal stenosis following NBCA embolization over long periods \[[@cit0046]\]. Ethylene-vinyl alcohol copolymer has been used in several studies with good results \[[@cit0047], [@cit0048]\]. It has the advantages of being non-adhesive as well as having high radiopacity and longer solidification time. However, it also has its downsides -- it is expensive, may cause a severe vasospasm and may also be excreted with sweat, leading to a smell similar to diabetic ketoacidosis.

The mean rebleeding rate observed in our study (27.8%) is not much different from that found in the literature review by Loffroy *et al.* (33%) or in the systematic review by Beggs *et al.* (25%) \[[@cit0020], [@cit0021]\]. Aina *et al.* reported an association between early recurrent bleeding and factors such as patient age, sex, coagulopathy and use of coils alone to stop the bleeding \[[@cit0043]\]. Loffroy *et al.* also reported additional clinical factors associated with rebleeding, such as cirrhosis, previous surgery and massive blood loss \[[@cit0021]\]. We found no significant association of recurrent bleeding within 30 days and these clinical factors in our patients. Although several studies report no difference of outcomes between patients who underwent prophylactic embolization and those who had embolization only after the site of bleeding was located during angiography, the topic of prophylactic embolization remains controversial \[[@cit0021], [@cit0042], [@cit0043], [@cit0049]\]. In our study, an association was found between early rebleeding and therapeutic or prophylactic embolization. Dempsey *et al.* reported recurrent bleeding (30%) after prophylactic gastroduodenal artery embolization \[[@cit0050]\]. According to some authors, in this case, repeated bleeding could be explained by the abundant collateral circulation of the duodenum, although inaccurate artery selection may also be responsible for higher rebleeding rates when performing a prophylactic embolization \[[@cit0021]\].

The complications of the TAE procedure reported in the literature are groin hematomas (3--17%) and contrast-related complications (0.04--12.7%), such as acute renal failure \[[@cit0036]\]. Embolization in the upper gastrointestinal tract is considered to be safe due to rich collateral blood circulation in the stomach and duodenum; therefore, ischemic complications are rare in this area. Some studies report ischemic complications in the acute phase (Aina *et al.* (2.7%)), whereas Lang *et al.* reported a 25% rate of duodenal stenosis in the chronic phase of ischemia following the embolization of terminal vessels \[[@cit0043], [@cit0046]\]. Liver complications (1.3%) may range from increased enzymes to liver failure \[[@cit0043]\]. Our patients did not present with any complications following the procedure due to the technical complications of TAE.

The mortality rate reported in our study is not different from rates reported in the literature (24% in Beggs *et al.*, 28% in Loffroy *et al*.). Factors affecting survival reported by other studies are early recurrent bleeding, coagulopathy, cirrhosis and malignancy \[[@cit0021]\]. Schenker *et al.* reported a 96% mortality rate in patients having several organ system failures who did not respond to embolization and a 31% mortality in those patients who responded to the treatment. Rescue surgery also has a high mortality rate after failed embolization \[[@cit0051]\]. Most of the patients who died in our cohort had at least one organ system failure. The factors associated with mortality in our study were prophylactic or therapeutic embolization and the number of units of packed red blood cells transfused. Since prophylactic embolization was associated with higher rebleeding rates, this was most likely the cause of higher mortality in that group. It is possible that CT angiography before embolization would provide a more accurate assessment of the origin of hemorrhage and result in lower repeated bleeding and mortality rates following blind embolization.

Conclusions {#sec6}
===========

To conclude, in our experience, TAE is a safe treatment method for acute nonvariceal upper gastrointestinal bleeding and a possible alternative to surgery for high-risk patients. However, the evidence in the scientific literature indicates that further research in this area and prospective randomized control trials are clearly needed to be able to recommend TAE over surgery.
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